3GPP TSG RAN WG4 Meeting #73
R4-147713
San Francisco, USA, 17-21 November 2014
Agenda Item:
11
Source:
Intel Corporation
Title:
Motivation for new SI: Measurement gap enhancement
Document for:

Discussion
1 
Introduction
The current measurement gap configurations and the corresponding RRC signalling have been used since Rel.8 [1] back to 2008. As defined in 36.133 [10], the measurement gap is used to identify and measure inter-frequency and/or inter-RAT cells. The UE shall be able to identify new inter-frequency cells and perform RSRP and RSRQ measurements of identified inter-frequency cells if carrier frequency information is provided by the PCell, even if no explicit neighbor list with physical layer cell identities were provided. 
Since the definition of the measurement gap configuration in LTE Rel.8 , many fundamental technology and network topology evolutions have been realized. Consequently, with the minimum number of carriers required to be monitored being increased significantly, the ability of the existing measurement gap configuration is being greatly challenged to efficiently serve the purpose and meet the new requirements. So far, there have been a few SI/WI [2][3] proposed with concerns on the existing measurement gap configuration for different applications. Due to the time limitation and the scope of the work, the progress is relatively limited. Basically, it is desirable to address the measurement gap issue in a general manner without having to specify each individual application.
In this contribution, the motivation to study the measurement gap enhancement is discussed. The potential scope and objectives of such a study are also provided.         
2 Motivation to enhance the measurement gap
The current measurement gap configuration and the corresponding RRC signalling were first introduced in Rel.8 back to 2008. Since then, some fundamental evolutions in LTE have been accomplished.
First of all, numerous new technologies (e.g. carrier aggregation, FeICIC, CoMP) have emerged to allow operators to achieve even higher system capacity and throughput. Various levels of cooperation among different transmitter points from the same or different cells are now achievable. They provide more flexibility to both network and UE such that the time, frequency, spatial resources can be more efficiently exploited. And, the introduction of CA essentially increases the inter-frequency measurement opportunities.
Secondly, the network topology has been gradually evolved from a homogenous to a heterogeneous network (HetNet) structure. The HetNet scales the cell coverage based on different purposes (e.g. coverage, offloading) and essentially brings the network closer to UE without sacrificing UE’s mobility. Together with the evolved new technologies, such a heterogeneous network topology leaves more challenges to the existing inter-frequency and inter-RAT measurement mechanism, which, was originally designed for homogeneous networks that do not require consideration in differentiating measurement strategies based on the functionalities of different frequency layers.

Thirdly, the number of deployed bands and frequencies has increased significantly in recent years [4] and the minimum number of carriers to monitor at UE is expected to be increased even more significantly in future. Thus, although a new WI has been agreed to address this issue in the Rel.12 time frame, it has been identified that significant performance delay is expected even in the normal performance group. Therefore, it is more desirable to design an all-weathered and future-proofed inter-frequency/inter-RAT measurement solution by jointly considering all aforementioned aspects.  
The main challenges of the existing inter-frequency/inter-RAT measurement mechanism can be summarized in the following four aspects: 

· Measurement delay 

In HetNet, different frequency layers can be configured for different purposes and as a consequence have different tolerance to the measurement delay. In general, the delay sensitivity can be jointly determined by the frequency layer’s functionality and UE’s mobility. For example, the coverage layer measurement from a high UE mobility comes with a much less delay tolerance than the offloading layer measurement for a low mobility UE. However, the current requirement does not differentiate the delay sensitivities among frequency layers and therefore treat everything and all scenarios equally. 
Meanwhile, strong interest has been expressed in increasing UE’s capability to monitor more inter-frequency/inter-RAT carriers. This essentially makes it more challenging to avoid significantly increasing the measurement delay based on the existing measurement gap configuration.

· Network impact and UE scheduling opportunity
As shown in [5], UE will face up to 25% throughput degradation (i.e. 10 subframes per 40ms) in the worst case with the existing measurement gap and a MGRP of 40ms. Out of the 10 impacted subframes, 6 subframes are occupied per measurement gap where UE loses the scheduling opportunity for both UL transmission and DL reception. Another 4 subframes are affected by missing the Ack/Nack due to the measurement gap. With the introduction of CA, extra RF chains become available at UE. It is therefore possible to distribute the measurement gap among different RF chains [6]. In this case, UE can potentially reduce the throughput degradation by increasing scheduling opportunity.
Also indicated in [5], the majority of UE will be equipped with a single chip RF-IC. This may also challenge the existing gap pattern configurations. Due to the imperfect isolation in a single chip RF-IC, PCell interruption is allowed in case of SCell activation/deactivation and/or addition/release in the current spec. As the PCell interruption defined in the current spec is unknown to the network, the negative impacts on network performance are reported in [7]. As a result, it may be beneficial for the network to replace some of such unknown PCell interruptions with a shorter measurement gap to avoid the network ambiguity. 

Meanwhile, due to the new network topology and more advanced receiver implementation (e.g. CRS-IC), UE’s capability to handle the interference has been greatly improved. This essentially makes a shorter MGL (e.g. less than 5ms measurement time) viable without sacrificing the measurement delay and accuracy.
Consequently, it is worthwhile to revisit the existing gap pattern configurations, which include both measurement gap length (MGL) and MGRP.
· UE power consumption
With the ever-increasing number of deployed bands and frequencies, the existing inter-frequency/inter-RAT measurement mechanism faces even more challenges to meet the performance requirement while trying to maintain a relatively low UE power consumption. This is especially the case in IDLE state. Fortunately, thanks to HetNet topology, the potential to save UE power consumption by differentiating the measurement requirements for the different frequency layers has been recognized [2]. However, due to the limitation both in time and in the existing gap pattern configuration, it will not be easy to come up with a comprehensive solution in the Release 12 time frame. 
· Measurement flexibility
The existing inter-frequency/inter-RAT measurement mechanism limits a single measurement gap with constant gap duration per UE per concurrent measurements. This is a reasonable approach in the era of homogeneous network. With both HetNet and CA introduced, the current measurement gap pattern may limit the flexibility at both network and UE side to balance the different requirements from different frequency layers and accommodate the increased number of frequencies to monitor. At the same time, the hardware advancement also provides UE more rooms to do the measurement in a more efficient way. For example, the CA capable UE not only enjoys superior throughput performance but also has the potential to take more flexibility on the measurement due to extra RF chains. Based on UE implementation, it can be desirable of UE to flexibly distribute the measurement gaps among different RF chains based on the availability, loading, the connection status of PCell/SCells. From the network perspective, more measurement options are also desired to provide the network more flexibility to prioritize the measurement among different frequency layers and balance the UE scheduling opportunity, the network performance and UE power consumption. As proposed in [8], a measurement gap pattern without constant gap duration can simultaneously achieve a better UE scheduling opportunity and save UE power consumption.
All in all, the effectiveness of new technologies and new network topology evolved since Rel.8 is not only greatly relying on the measurement accuracy and reporting delay, but also on the efficiency of the measurement and the associated power consumption at UE. All these issues are reasonable to motivate more effort to further investigate the enhancement of the measurement gap. As mentioned before, it is desirable to design an all-weathered and future-proofed inter-frequency/inter-RAT measurement solution by jointly considering all aspects, including but not limited to delay, power consumption, flexibility and network performance.

3 Potential scope of the study item
The existing gap pattern configurations consist of MGL and MGRP. Together, MGL and MGRP determine the minimum available time for inter-frequency/inter-RAT measurements during certain period. If the UE requires measurement gaps to identify and measure inter-frequency and/or inter-RAT cells, the network can only provide a single measurement gap pattern with constant gap duration for concurrent monitoring of all frequency layers and RATs. To address the challenges of existing gap pattern, the following aspects can be potentially considered to investigate:

· MGL

6ms of MGL is currently defined with at least 5ms used for measurement and up to 1ms to tune the RF between serving and measured frequencies. With the advancement of RF and interference suppression technologies at the receiver, the MGL has the potential to be reduced to save the UE power and/or improve UE throughput. Meanwhile, the reduced MGL can be also used to replace the PCell interruption and avoid the related network ambiguity. This essentially facilitates the single chip RF-IC implementation.
· MGRP

The existing MGRP can be either 40ms or 80ms. The constant gap duration is reinforced for concurrent monitoring. Due to high delay tolerance for small cell offloading in low mobility UE, it is reasonable to investigate the feasibility of larger MGRP (e.g. more than 80ms) to reduce the power consumption and/or increase the scheduling opportunity. For the same purpose, more flexible gap duration for the concurrent monitoring should be studied as well. 

· Multiple measurement gap pattern assignment

Multiple measurement gap pattern assignment per concurrent monitoring can be another way to provide the network and UE flexibility to deal with different frequency layer requirements. As an example shown in [9], multiple gap patterns for the concurrent monitoring can achieve better trade-off between the measurement delay and UE power consumption than with single gap pattern. However, the associated RRC signalling overhead is expected to increase and should be considered also. 
· Network controlled PCell/SCell interruption 

Interruptions on PCell are allowed for E-UTRA CA capable UE when its SCell is configured, deconfigured, activated or deactivated. Interruption in both PCell and SCell is generally required in the single chip RF-IC implementation when one of the RF chains is turned on/off or the LO frequencies are changed. Unlike the measurement gap, interruption resulting in packet loss is typically unknown at the network. The corresponding drawbacks were already analyzed in [7]. This is especially the case when more than 2 CC CA is configured in future and/or when the inter-frequency measurement is conducted at SCC RF chain where SCell is not configured. To avoid such ambiguity, it may be interesting to have the network controlling the timing of the interruption whenever necessary. Through such an approach, the single chip RF-IC implementation can thereby be supported while having all concerns due to network ambiguity resolved. However, it is noted that such network controlled interruption can limit the UE flexibility on the measurement, SCell activation/deactivation and addition/release.
· Measurement at both PCell and SCell

When more than one RF chains are deployed at UE, it can be beneficial to simultaneously enable inter-frequency/inter-RAT measurement at multiple RF chains. By doing so, the cell identification and measurement delay can potentially be reduced by half or more with limited impact on UE scheduling. This feature can be especially helpful when the number of carriers to monitor is increased. Another benefit to enable this feature is to facilitate the network and UE to balance the measurement load/delay between PCC and SCC(s), based on the status (e.g. cell load, traffic load, coverage/offloading, configured or not) of each component carrier.  
· Performance requirement relaxation based on new measurement solutions
Depending on the progress in Rel.12, the core requirement relaxation for offloading frequency layers can be further discussed if new inter-frequency/inter-RAT measurement mechanism is defined. The related RRC signalling and the network assistant information may also need to be addressed.  
4 
Conclusion
In this contribution, the motivation to study the inter-frequency/inter-RAT enhancement is discussed. The scope and objectives of such study is also provided in the SID [11].         
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